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Mobile Apps to Support the Self-Management of Hypertension:
Systematic Review of Effectiveness, Usability, and User
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Abstract
%DFNJURXQG +\SHUWHQVLRQLVDFKURQLFGLVHDVHWKDWLVFRQVLGHUHGWREHDSXEOLFKHDOWKSUREOHPDQGUHTXLUHVHIIRUWVE\SDWLHQWV
WRPDQDJHWKHPVHOYHV7KHJOREDOJURZWKLQWKHXVHRIPRELOHSKRQHVDQGWDEOHWVKDVEHHQDFFRPSDQLHGE\WKHLQFUHDVHGXVHRI
KHDOWKDSSV0DQ\RIWKHVHDSSVVXSSRUWWKHVHOIPDQDJHPHQWRIK\SHUWHQVLRQDQGWKHUHIRUHWKH\KDYHWKHSRWHQWLDOEHQHILWVRI
ORZHULQJEORRGSUHVVXUH'HVSLWHWKLVWKHUHLVFXUUHQWO\DODFNRIHYLGHQFHIRUWKHLUHIIHFWLYHQHVVXVDELOLW\DQGSDWLHQWVDWLVIDFWLRQ
ZLWKWKHLUXVH
2EMHFWLYH $V\VWHPDWLFUHYLHZZDVFRQGXFWHGWRDVVHVVWKHHIIHFWLYHQHVVRIDSSVLQORZHULQJEORRGSUHVVXUHDVZHOODVWKHLU
XVDELOLW\DQGSDWLHQWV¶VDWLVIDFWLRQZLWKWKHLUXVH
0HWKRGV :HFRQGXFWHGVHDUFKHV LQ WKHIROORZLQJGDWDEDVHV0('/,1(29,'(0%$6(29,'3V\F,1)229,'
&,1$+/WKH&RFKUDQH&HQWUDO5HJLVWHURI&RQWUROOHG7ULDOV&(175$/7KH&RFKUDQH/LEUDU\,(((;SORUH$66,$1*RRJOH
6FKRODU DQG WKH PDLQ $UDELF GDWDEDVHV $O 0DQKDO $VN=DG DQG 0DQGXPDK :H ORRNHG IRU VWXGLHV WKDW XVHG DSSV LQ WKH
VHOIPDQDJHPHQWRIK\SHUWHQVLRQIURP:HDOVRFKHFNHGWKHUHIHUHQFHOLVWVRIWKHUHYLHZSDSHUVDQGDOOWKHSULPDU\
VWXGLHVIRUDGGLWLRQDOUHIHUHQFHV
5HVXOWV $WRWDORIVWXGLHVZLWKDWRWDORISDUWLFLSDQWVZHUHLQFOXGHGLQWKHUHYLHZ2IWKHVWXGLHVWKDWDVVHVVHGWKH
HIIHFWLYHQHVVRIWKHDSSVLQORZHULQJEORRGSUHVVXUHVWXGLHV5&7VDQGQRQUDQGRPL]HGVWXGLHVUHSRUWHGWKDW
XVLQJWKHDSSVOHGWRVLJQLILFDQWGHFUHDVHVLQEORRGSUHVVXUHDQGVHHPHGWREHHIIHFWLYHLQWKHVHOIPDQDJHPHQWRIK\SHUWHQVLRQ
2IWKHVHRQO\5&7VDQGQRQUDQGRPL]HGVWXGLHVKDGDORZ±PRGHUDWHULVNRIELDV7KHUHVXOWVRIWKLVUHYLHZ
DUHLQFRQFOXVLYHUHJDUGLQJZKLFKFRPELQDWLRQVRIIXQFWLRQDOLWLHVZRXOGEHPRVWHIIHFWLYHLQORZHULQJEORRGSUHVVXUHEHFDXVHRI
YDULDWLRQLQWKHVWXGLHV¶TXDOLW\EXWWKHGDWDVXJJHVWWKDWDSSVLQFRUSRUDWLQJPRUHFRPSUHKHQVLYHIXQFWLRQDOLWLHVDUHOLNHO\WREH
PRUHHIIHFWLYH,QDOOWKHVWXGLHVWKDWDVVHVVHGWKHXVDELOLW\RIWKHDSSVDQGXVHUV¶DFFHSWDQFHRIWKHPDOOWKHDSSVVHHPHGWREH
DFFHSWHGDQGHDV\WRXVH
&RQFOXVLRQV 0RVWRIWKHVWXGLHVUHSRUWHGWKDWDSSVPLJKWEHHIIHFWLYHLQORZHULQJEORRGSUHVVXUHDQGDUHDFFHSWHGE\XVHUV
+RZHYHUWKHVHILQGLQJVVKRXOGEHLQWHUSUHWHGZLWKFDXWLRQDVPRVWRIWKHVWXGLHVKDGDKLJKULVNRIELDV0RUHZHOOGHVLJQHG
ODUJHVFDOHVWXGLHVDUHUHTXLUHGWRHYDOXDWHWKHUHDOHIIHFWRIXVLQJDSSVLQORZHULQJEORRGSUHVVXUHDQGWRLGHQWLI\WKHPRVWHIIHFWLYH
IXQFWLRQDOLW\FRPELQDWLRQVIRUORZHULQJEORRGSUHVVXUH
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Introduction
+\SHUWHQVLRQLQZKLFKWKHEORRGSUHVVXUH%3LQWKHDUWHULHV
LVUDLVHGLVRQHRIWKHPRVWFRPPRQFKURQLFGLVHDVHVLQDGXOWV
3DWLHQWVFDQEHGLDJQRVHGZLWKK\SHUWHQVLRQZKHQWKHLUV\VWROLF
EORRGSUHVVXUH6%3DQGGLDVWROLFEORRGSUHVVXUH'%3DUH
DERYHPP+JUHVSHFWLYHO\>@+\SHUWHQVLRQKDVEHHQ
UHFRJQL]HGDVDPDMRU ULVN IDFWRU IRUPDQ\GLVHDVHVVXFKDV
UHQDOIDLOXUHKHDUWGLVHDVHDQGVWURNH>@'HVSLWHWKHHIIHFWRI
ORZHULQJ%3RQUHGXFLQJWKHULVNRIUHQDODQGFDUGLRYDVFXODU
GLVHDVHPRVWSHRSOHZLWKK\SHUWHQVLRQSRRUO\FRQWUROWKHLU%3
>@7KHUHIRUHLWLVLPSRUWDQWWRHQFRXUDJHSDWLHQWV¶LQYROYHPHQW
LQFRQWUROOLQJWKHLU%3
6HOIPDQDJHPHQWLVFRQVLGHUHGDQLPSRUWDQWHOHPHQWRIFKURQLF
FDUHPDQDJHPHQW>@6HOIPDQDJHPHQWGHPDQGVDQDFWLYHUROH
RISDWLHQWVLQPDQDJLQJWKHLUV\PSWRPVWUHDWPHQWSV\FKRVRFLDO
DQGSK\VLFDOHIIHFWVDQGFKDQJLQJOLIHVW\OH>@$FKLHYLQJDQ
RSWLPXP OHYHO RI VHOIPDQDJHPHQW EHKDYLRU LV GLIILFXOW DQG
UHTXLUHV FRQVLGHUDEOH HIIRUW IURP SDWLHQWV 0RELOH KHDOWK
WHFKQRORJ\P+HDOWKGHILQHGDVWKHXVHRIPRELOHGHYLFHVWR
GHOLYHUKHDOWKFDUH>@KDVWKHSRWHQWLDOWRIDFLOLWDWHDQGRSWLPL]H
SDWLHQWV¶ VHOIPDQDJHPHQW >@7KLV FDQEHSHUIRUPHGE\
LQWHJUDWLQJ KHDOWK FDUH ZLWK HYHU\GD\ OLIH E\ GHOLYHULQJ DQG
FROOHFWLQJ KHDOWK LQIRUPDWLRQ DQG VHUYLFHV LQ D FRQYHQLHQW
DFFHVVLEOHDQGLQWHUDFWLYHPRGH>@7KHXVHRIWKHQHZ
JHQHUDWLRQRIWKHVHPRELOHGHYLFHVLQFOXGLQJPRELOHSKRQHDQG
WDEOHWVKDVLQFUHDVHGUDSLGO\LQUHFHQW\HDUVDQGLWLVHVWLPDWHG
WKDWE\PRELOHSKRQHVZLOOEHXVHGE\RQHWKLUGRI WKH
JOREDO SRSXODWLRQ >@ 0RELOH SKRQHV KDYH EHFRPH DQ
LPSRUWDQWSODWIRUPWRGHOLYHUKHDOWKWRSDWLHQWVWKURXJKKHDOWK
DSSV7KH UDSLGJURZWK LQ WKHXVHRI WKHVHGHYLFHVKDVEHHQ
DFFRPSDQLHGE\DKXJHH[SDQVLRQLQKHDOWKDQGKHDOWKUHODWHG
EHKDYLRU DSSV DQG PRUH WKDQ  RI WKHVH DUH XVHG E\
PLOOLRQVRISHRSOH >@0DQ\KHDOWKDSSVDUH WDUJHWHG WR
VXSSRUWSHRSOHZLWKK\SHUWHQVLRQLQWKHLUVHOIPDQDJHPHQWE\
RIIHULQJ VHOIPRQLWRULQJ DFWLYLWLHV UHPLQGHUV WDLORUHG
LQIRUPDWLRQDQGIHHGEDFN>@
7RWKHEHVWRIRXUNQRZOHGJHGHVSLWHWKHSRWHQWLDOEHQHILWVRI
DSSVIRUSHRSOHZLWKK\SHUWHQVLRQDQGWKHLQFUHDVHGXVHRIWKHVH
DSSV D V\QWKHVLV RI VWXGLHV RQ WKHLU HIIHFWLYHQHVV LQ WKLV
SRSXODWLRQKDVQRWEHHQFRQGXFWHG7KLVV\VWHPDWLFUHYLHZZLOO
V\QWKHVL]HWKHH[LVWLQJHYLGHQFHRQWKHHIIHFWLYHQHVVRIDSSVLQ
ORZHULQJ%3DVZHOODVWKHLUXVDELOLW\DQGSDWLHQWV¶VDWLVIDFWLRQ
ZLWKWKHLUXVH
Methods
$ V\VWHPDWLF UHYLHZ ZDV FRQGXFWHG DQG UHSRUWHG SHU WKH
35,60$VWDWHPHQWIRUV\VWHPDWLFUHYLHZV>@
(OLJLELOLW\&ULWHULD
7KH LQFOXVLRQ FULWHULD ZHUH GHSHQGHQW RQ 3,&26 >@ DV
GHVFULEHGEHORZ
3RSXODWLRQ
7KHSRSXODWLRQZDVSHRSOHZLWKK\SHUWHQVLRQ\HDUVRIDJH
DQG RYHU DQG KHDOWK FDUH SURIHVVLRQDOV +&3V VXSSRUWLQJ
SHRSOHZLWKK\SHUWHQVLRQLQWKHLUVHOIPDQDJHPHQWLQDQ\FDUH
VHWWLQJZLWKRXWOLPLWDWLRQVRQWKHSDUWLFLSDQWV¶JHQGHUDJHRU
VRFLRGHPRJUDSKLFFKDUDFWHULVWLFV6WXGLHVDERXWSHRSOHZLWK
FKURQLFLOOQHVVLQFOXGLQJK\SHUWHQVLRQDVRQHRIWKHLULQFOXVLRQ
FULWHULDZHUHDOVRLQFOXGHG
,QWHUYHQWLRQ
7KHLQWHUYHQWLRQZDVDPRELOHSKRQHRUDWDEOHWDSSWKDWFROOHFWV
GDWDSURYLGHVIHHGEDFNFRQQHFWVZLWK+&3VRULQIRUPVDERXW
K\SHUWHQVLRQ WR VXSSRUW WKH VHOIPDQDJHPHQW WDVNV RI
K\SHUWHQVLRQ7KHVH WDVNV LQFOXGHVHOIPRQLWRULQJRI%3DQG
RWKHUELRPHWULFVKHDOWK\HDWLQJDQGGULQNLQJEHLQJSK\VLFDOO\
DFWLYHPDLQWDLQLQJDKHDOWK\ZHLJKWDGKHULQJWRPHGLFDWLRQ
DQGPDQDJLQJVWUHVVDQGFRSLQJ>@7KHDSSVKRXOGDOVRHQDEOH
LQWHUDFWLRQV EHWZHHQ WKH XVHU DQG WKH GHYLFH YLD D VHW RI
LQWHUIDFHVHJDYLVXDOXVHULQWHUIDFH6WXGLHVLQZKLFKDKHDOWK
DSS ZDV WKH RQO\ PHWKRG RI GHOLYHU\ RU LQ ZKLFK LW ZDV D
FRPSRQHQWRIDEOHQGHGLQWHUYHQWLRQZHUHDOVRLQFOXGHG
&RPSDUDWRU
7KH FRPSDUDWRU ZDV HLWKHU XVXDO FDUH RU DQ\ RWKHU FRQWURO
LQWHUYHQWLRQ$UWLFOHVZLWKQRFRPSDULVRQZHUHDOVRLQFOXGHG
2XWFRPHV
7KHRXWFRPHVRIVWXGLHVWKDWZHUHFRQVLGHUHGDUHOHYHOVRI%3
6%3DQG'%3DVZHOODVXVDELOLW\DWWLWXGHVDQGVDWLVIDFWLRQ
ZLWKPRELOHDSSV
6WXG\'HVLJQV
7KHHOLJLEOHVWXG\GHVLJQVZHUHDOOTXDQWLWDWLYHTXDOLWDWLYHDQG
PL[HGPHWKRG VWXGLHV WKDW H[SORUH WKH VHOIPDQDJHPHQW RI
K\SHUWHQVLRQXVLQJDSSV3LORWVWXGLHVZHUHLQFOXGHGEHFDXVH
WKH\PLJKWHQDEOHXVWRXQGHUVWDQGWKHVWDWXVRIDSSV
'DWD6RXUFHVDQG6HDUFK0HWKRGV
7KH HOHFWURQLF GDWDEDVHV (0%$6( 29,' 0('/,1(
29,'3V\F,1)229,'WKH&RFKUDQH&HQWUDO5HJLVWHURI
&RQWUROOHG7ULDOV&(175$/7KH&RFKUDQH/LEUDU\&,1$+
$66,$1 DQG ,((( ;SORUH ZHUH VHDUFKHG DV ZDV *RRJOH
6FKRODU+DQGVHDUFKLQJWKURXJKWKHUHIHUHQFHOLVWVRILQFOXGHG
VWXGLHVDQGV\VWHPDWLFUHYLHZVZDVDOVRFRQGXFWHGWRILQGPRUH
UHODWHG VWXGLHV 7KHVH GDWDEDVHV ZHUH VHDUFKHG XVLQJ WKH
FRQFHSWV RI K\SHUWHQVLRQ PRELOH DSSV WHOHPRQLWRULQJ DQG
VHOIPDQDJHPHQW VHH 0XOWLPHGLD $SSHQGL[  IRU WKH
0('/,1(VHDUFKVWUDWHJ\7KHVHDUFKVWUDWHJ\ZDVOLPLWHGWR
(QJOLVKUHVHDUFKSXEOLVKHGIURPZKHQWKHILUVWDSSVWRUH
ZDVODXQFKHG>@WR-XQH
([FOXVLRQ&ULWHULD
6WXGLHV ZHUH H[FOXGHG EDVHG RQ WKH FULWHULD LQ 7H[WER[ 
&RQIHUHQFHDEVWUDFWVSURWRFROVFRPPHQWDULHVRUHGLWRULDOVRU
VWXGLHVQRWLQ(QJOLVKRU$UDELFZHUHQRWLQFOXGHG
6WXG\6HOHFWLRQ
5HIHUHQFH PDQDJHPHQW VRIWZDUH (QGQRWH ZDV XWLOL]HG WR
FROOHFWUHVXOWVIURPGDWDEDVHVDQGWRGHGXSOLFDWHDUWLFOHV7ZR
UHYLHZHUV7$DQG6$LQGHSHQGHQWO\VFDQQHGWLWOHVDJDLQVWWKH
HOLJLELOLW\FULWHULDDQGLQDVHFRQGSKDVHWKHDEVWUDFWVRIVHOHFWHG
WLWOHV&RKHQNDSSDZDVFDOFXODWHGWRGHWHUPLQHWKHDJUHHPHQW
EHWZHHQ WKH UHYLHZHUV IRU HDFK VWHS RI VHOHFWLQJ WLWOHV DQG
DEVWUDFWV
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7H[WER[([FOXVLRQFULWHULD
 7KH\ZHUHQRWDLPHGDWK\SHUWHQVLRQRUVWXGLHVIRFXVLQJRQO\RQSULPDU\SUHYHQWLRQRIK\SHUWHQVLRQRUK\SHUWHQVLRQGXULQJSUHJQDQF\
 7KH\H[DPLQHGLQWHUYHQWLRQVDFFHVVHGE\DSHUVRQDOGLJLWDODVVLVWDQWGHVNWRSFRPSXWHUODSWRSQHWERRN
 7KH\H[DPLQHGLQWHUYHQWLRQVDFFHVVHGE\DPRELOHSKRQHRUWUDGLWLRQDOWDEOHWWKDWGLGQRWSHUPLWSDUWLFLSDQWVWRGRZQORDGRUXVHDQ\DSSIURP
WKHDSSVWRUH
 7KH\VROHO\XVHGPHVVDJLQJLQFOXGLQJVKRUWPHVVDJHVHUYLFH606WH[WPHVVDJLQJPXOWLPHGLDPHVVDJLQJVHUYLFH006ZHEVLWHVFDOOVHPDLOV
RU:HEEDVHGDSSV
 $PRELOHGHYLFHZDVXVHGWRWUDQVPLWLQIRUPDWLRQSURYLGHGE\DEORRGSUHVVXUHPRQLWRULQJGHYLFHWRFDUHSURYLGHUVRUFOLQLFLDQVEXWLQZKLFK
WKHUHZDVQRLQWHUDFWLRQZLWKWKHXVHU
 7KH\GHVFULEHRQO\WKHWHFKQRORJLFDOGHYHORSPHQWRIDPRELOHV\VWHP
7LWOHVDQGLQWKHVHFRQGSKDVHDEVWUDFWVUHFHLYHGSRLQWVLIWKH\
PHWWKHFULWHULD]HURLIQRWDQGSRLQWZKHQWKHUHZDVGRXEW
,IWKHVXPRIUHYLHZHUVFRUHVIRUDWLWOHZDVRUPRUHWKHVWXG\
ZDVLQFOXGHGIRUWKHQH[WSKDVH2WKHUZLVHLWZDVH[FOXGHG
7ZRUHYLHZHUVVHSDUDWHO\UHYLHZHGWKHIXOODUWLFOHVZKHQWKH
WRWDO VFRUHV IRU WKH DEVWUDFW HTXDOHG  SRLQWV RU PRUH $Q\
GLVDJUHHPHQWVZHUHUHVROYHGWKURXJKDGLVFXVVLRQZLWKRWKHU
UHVHDUFKHUV/G:DQG06+
'DWD([WUDFWLRQDQG4XDOLW\$VVHVVPHQW
7ZRUHYLHZHUVLQGHSHQGHQWO\7$DQG6$H[WUDFWHGGDWDDQG
DVVHVVHGWKHTXDOLW\RIWKHLQFOXGHGVWXGLHV$Q\GLVDJUHHPHQW
ZDVUHVROYHGWKURXJKDGLVFXVVLRQZLWKRWKHUUHVHDUFKHUV/G:
DQG06+XQWLOFRQVHQVXVZDVUHDFKHG
'DWD ZHUH H[WUDFWHG XVLQJ D VWDQGDUGL]HG IRUP ZKLFK ZDV
SLORWHGE\WKHUHYLHZHUV7KH&RFKUDQH&ROODERUDWLRQ¶V5LVN
RI%LDV7RROZDVXWLOL]HGWRDVVHVVUDQGRPL]HGFRQWUROOHGWULDOV
5&7V>@1RQUDQGRPL]HGTXDQWLWDWLYHVWXGLHVZHUHHYDOXDWHG
XVLQJWRROVSURYLGHGE\WKH861DWLRQDO,QVWLWXWHRI+HDOWK
1,+0DUFKYHUVLRQIRUREVHUYDWLRQDOVWXGLHVIRU
FRQWUROOHGVWXGLHVDQGIRUSUHSRVWVWXGLHVZLWKRXWFRQWURO
JURXS>@7KH&ULWLFDO$SSUDLVDO6NLOOV3URJUDPPH&$63
ZDVXWLOL]HG IRU WKHTXDOLW\DVVHVVPHQWRITXDOLWDWLYH VWXGLHV
>@
'DWD6\QWKHVLVDQG$QDO\VLV
$QRYHUYLHZRIWKHEDVLFFKDUDFWHULVWLFVRIWKHVWXGLHVLQFOXGLQJ
WKHLQWHUYHQWLRQSRSXODWLRQDQGRXWFRPHZDVVXPPDUL]HGLQ
DWDEOH'DWDZHUHQRWFRPELQHGEHFDXVHRIGLIIHUHQFHVLQWKH
GHVLJQV RI WKH VWXGLHV $ QDUUDWLYH V\QWKHVLV ZDV FRQGXFWHG
LQVWHDG>@$OOUHVHDUFKILQGLQJVZHUHFODVVLILHGDFFRUGLQJ
WRUHYLHZREMHFWLYHV
Results
6XPPDU\RI6HDUFK5HVXOWV
7KHUHYLHZVWHSVDUHVXPPDUL]HG LQ)LJXUH6HDUFKLQJ WKH
HOHFWURQLF GDWDEDVHV \LHOGHG D WRWDO RI  WLWOHV $IWHU DOO
GXSOLFDWHV ZHUH UHPRYHG  UHFRUGV UHPDLQHG IRU WLWOH
VFUHHQLQJ&RKHQNDSSDIRUDJUHHPHQWEHWZHHQWKHUHYLHZHUV
ZDV6XEVHTXHQWO\WKHUHYLHZHUV7$DQG6$DVVHVVHG
WKH UHPDLQLQJ  DEVWUDFWV &RKHQ NDSSD IRU DJUHHPHQW
EHWZHHQWKHPLQWKDWVWHSZDV2IWKHVHZHQWIRUZDUG
IRUIXOOWH[WDVVHVVPHQWVXSSOHPHQWHGE\VWXGLHVLGHQWLILHG
IURPUHIHUHQFHWUDFNLQJ$WRWDORISDSHUVZHUHH[FOXGHG
DWIXOOWH[WVFUHHQLQJDVWKH\GLGQRWPHHWWKHFULWHULDUHODWLQJ
WR WKH SDUWLFLSDQWV RU LQWHUYHQWLRQV RU WKH\ ZHUH FRQIHUHQFH
DEVWUDFWVHGLWRULDOVRUSURWRFROV7KLVOHGWRDVHOHFWLRQRI
SXEOLFDWLRQV2QO\RIWKHVHZHUHLQFOXGHGLQWKLVUHYLHZDV
SXEOLFDWLRQVZHUHDVXEVHWDQDO\VLVRIDSUHYLRXVSXEOLFDWLRQ
DQGSXEOLFDWLRQZDVDERXWDSDUWRI WKHVDPSOHRID ODUJHU
VWXG\GHVFULEHGLQDQRWKHUSXEOLFDWLRQ
6WXG\&KDUDFWHULVWLFV
7KHUHZHUHVWXGLHVLQFOXGHGLQWKLVUHYLHZ7KHSXEOLFDWLRQ
\HDURIWKHVWXGLHVUDQJHGIURPWRVHH0XOWLPHGLD
$SSHQGL[0RVWVWXGLHVZHUHFRQGXFWHGLQWKH
86>@DQG&DQDGD>@ZKLOHZHUHFDUULHG
RXW LQ (XURSHDQ FRXQWULHV LQFOXGLQJ )UDQFH >@ 6ZHGHQ
>@6SDLQ>@DQG,WDO\>@7KHUHPDLQLQJ
VWXGLHVZHUHFRQGXFWHGLQ&KLQD>@DQG6RXWK.RUHD>@
2IWKHVWXGLHVZHUHUDQGRPL]HGFRQWUROOHGWULDOV
5&7V >@   ZHUH
QRQUDQGRPL]HG VWXGLHV >@ DQG 
ZHUHTXDOLWDWLYHVWXGLHV>@
)RXUWHHQ   VWXGLHV UHSRUWHG RQ WKH DSSV¶
HIIHFWLYHQHVVLQFRQWUROOLQJ%32IWKHVHVWXGLHVDOVR
DVVHVVHG XVHU VDWLVIDFWLRQ DQG H[SHULHQFH ZLWK WKH DSSV
>@7KHUHPDLQLQJVWXGLHVWKDWGLGQRWUHSRUW
HIILFDF\IRFXVHGRQXVHUVDWLVIDFWLRQZLWKDQGDWWLWXGHVWRZDUGV
WKHDSSVDQGWKHLUXVDELOLW\>@7KHVWXG\
GXUDWLRQUDQJHGIURPPRQWKV7KHVWXGLHVLQFOXGHGDUDQJH
RIWRSDUWLFLSDQWVZLWKDWRWDORISDUWLFLSDQWV
3DUWLFLSDQWV¶PHDQDJHUDQJHGIURP>@WR>@\HDUV
RIDJH7KHSRSXODWLRQJURXSVRIWKHVWXGLHVLQFOXGHGLQGLYLGXDOV
ZLWKK\SHUWHQVLRQ>@PHWDEROLFV\QGURPH
ULVN IDFWRUV >@ REVWUXFWLYH VOHHS DSQHD ZLWK KLJK
FDUGLRYDVFXODUULVN>@DQGRYHUZHLJKWLQGLYLGXDOV>@2I
WKH  LQFOXGHG VWXGLHV   UHSRUWHG WR KDYLQJ XVHG
EHKDYLRUDOWKHRULHVVXFKDVVHOIGHWHUPLQDWLRQWKHRU\>@
PRWLYDWLRQDOLQWHUYLHZLQJ>@DQGWKHRU\RISODQQHGEHKDYLRU
>@ WRXQGHUSLQDQGJXLGH WKH LQWHUYHQWLRQPHWKRGVDQG WKH
GHYHORSPHQWRIWKHWHFKQRORJ\7KHRWKHUVWXGLHVGLGQRWUHSRUW
XVLQJ EHKDYLRUDO WKHRULHV +RZHYHU DQ LQYHVWLJDWLRQ RI WKH
DSSV¶ IXQFWLRQDOLWLHV LGHQWLILHG UHFRJQL]DEOH HOHPHQWV RI
EHKDYLRUDOVWUDWHJLHV
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)LJXUH 35,60$IORZGLDJUDP
$OOWKHLQFOXGHGVWXGLHVIRFXVHGRQVXSSRUWLQJVHOIPDQDJHPHQW
RIK\SHUWHQVLRQ1LQHRIWKHLQFOXGHGVWXGLHVZHUHDLPHG
WR HQKDQFH VHOIPDQDJHPHQW ZLWKRXW LQYROYLQJ FOLQLFLDQV WR
PRQLWRUSDWLHQWV UHPRWHO\ >@7KHRWKHU
VWXGLHVPDLQO\LQYROYHGFOLQLFLDQVRURWKHU+&3VUHPRWHO\
PRQLWRULQJSDWLHQWGDWDDQGKHDOWKVWDWXV>@
ZKLOH WKH UHPDLQLQJ VWXG\ LQYROYHG WKH UHVHDUFKHU UHPRWHO\
PRQLWRULQJSDWLHQWGDWDDQGDOHUWLQJSK\VLFLDQVLIQHHGHG>@
,QWKHVHVWXGLHVLQYROYLQJ+&3VWKH+&3VSURYLGHG
IHHGEDFN LQFOXGLQJ D PHGLFDWLRQ SODQ RU DGMXVWPHQWV
>@ UHJXODU RQOLQH FRDFKLQJ FRQVXOWDWLRQ >@
LQVWUXFWLRQV >@ RU FRPPXQLFDWLRQZLWKSDWLHQWV >@
VHH0XOWLPHGLD$SSHQGL[
,QWHUYHQWLRQ&KDUDFWHULVWLFV
,Q PRVW VWXGLHV DQ DSS ZDV VXSSOHPHQWHG ZLWK RWKHU
LQWHUYHQWLRQVVXFKDVDZHEVLWH>@YRLFHWHOHSKRQH
PHVVDJHV>@H[HUFLVHSUHVFULSWLRQ>@DQDVDOPDVNDQGDQ
DXWRWLWUDWLQJPDFKLQH>@DQHOHFWURQLFPHGLFDWLRQWUD\HPDLO
606RUSKRQHFDOO>@DQGHGXFDWLRQSURYLGHGE\DQXUVH
>@7KHFRQWUROJURXSLQWKHFRQWUROOHGVWXGLHVKDGXVXDOFDUH
,Q VRPH VWXGLHV WKLV ZDV FRPELQHG ZLWK WKH UHFRUGLQJ RI
SUHVFULEHGH[HUFLVH >@ DQG WKH%3PHDVXUHPHQWV >@ LQ D
ORJERRNRUZLWKWKHHGXFDWLRQSURYLGHGE\DQXUVH>@
)XQFWLRQDOLWLHVRIWKH$SSV
7KHUHYLHZHGVWXGLHVXVHGDSSV)RXUWHHQGLIIHUHQWDSSV
ZHUH XVHG LQ  VWXGLHV >@  DSS ZDV XVHG LQ 
VWXGLHV>@DQGDQRWKHUDSSZDVXVHGLQWKHRWKHUVWXGLHV
>@
7KH PDLQ IXQFWLRQV RI WKH DSSV FDQ EH FDWHJRUL]HG LQWR WKH
VWUDWHJLHVLQYROYHGVHOIPRQLWRULQJFDSDELOLWLHVJRDOVHWWLQJ
WKHUHPLQGHUDQGDOHUWFRPSRQHQWWKHXVHRISURPSWVRUFXHV
DXWRPDWLFIHHGEDFNHGXFDWLRQDOLQIRUPDWLRQFRPPXQLFDWLRQ
ZLWK+&3VDQGVWUHVVPDQDJHPHQW$OODSSVLQFRUSRUDWHGDW
OHDVW RQH RI WKHVH IXQFWLRQV 7DEOH  VXPPDUL]HV WKH
FKDUDFWHULVWLFVRIWKHDSSVDQGV\VWHPV
7KH  DSSV KDYH VRPH VLPLODU FKDUDFWHULVWLFV DQG
IXQFWLRQDOLWLHV$OOWKHDSSVKDYHVHOIPRQLWRULQJFDSDELOLWLHV
IRU%3DQGRWKHUKHDOWKGDWDPHGLFDWLRQDGKHUHQFHSK\VLFDO
DFWLYLW\HDWLQJDQGGULQNLQJZHLJKWVOHHSVWUHVVV\PSWRPV
PHGLFDWLRQ VLGH HIIHFW DQG VHOIUHIOHFWLRQ DQVZHUV >@
7KLVHQDEOHV WKHXVHU WR WUDFN WKHLU%3DQGRWKHUKHDOWKGDWD
RYHUWLPHLQGLIIHUHQWIRUPDWVLQFOXGLQJJUDSKLFDODQGRUWDEXODU
IRUPDWV DQG DFFHVV WKH VXPPDU\ UDZ GDWD DQGRU DQDO\]HG
UHVXOWVWKHPDMRULW\RIZKLFKFRQVLVWHGRIWKH%3PHGLFDWLRQ
DGKHUHQFHSK\VLFDODFWLYLW\HDWLQJDQGGULQNLQJZHLJKWDQG
VWUHVV7KHVHFRQGPRVWFRPPRQIXQFWLRQDOLW\ZDVDUHPLQGHU
DQGDOHUWFRPSRQHQWWKDWSURPSWVVHOIPRQLWRULQJE\UHPLQGLQJ
SDWLHQWVDERXWWKHLUPHGLFDWLRQWLPH%3PHDVXUHPHQWVKRVSLWDO
YLVLWVRUSHUVRQDOJRDOVRUWKHV\VWHPDOHUWVDQRWKHUSHUVRQHJ
KHDOWKSURIHVVLRQDOZKHQDPHGLFDWLRQGRVHLVPLVVHGRUZKHQ
WKH%3LVKLJKHU WKDQ WKHQRUPDO OHYHOD IHDWXUH LQFOXGHG LQ
DSSV>@
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7DEOH ,QWHUYHQWLRQFKDUDFWHULVWLFVLGHQWLILHGE\DFKHFNPDUNLIWKH\ZHUHPHW
)XQFWLRQDOLWLHV6WXG\
6WUHVVPDQDJHPHQW$XWRPDWLFIHHGEDFN&RPPXQLFDWLRQ
ZLWKRWKHUV
(GXFDWLRQDO
LQIRUPDWLRQ
8VHRISURPSWFXHV
UHPLQGHUDQGDOHUW
6HOIPRQLWRULQJ
²✔✔✔✔✔$QJODGD0DUWLғQH]HWDO>@
²✔²²✔✔%HQJWVVRQHWDO>@
²✔²²✔✔%HQJWVVRQHWDO>@
²✔²²✔✔+DOOEHUJHWDO>@
²✔✔✔✔✔&DUUHUDHWDO>@
²✔²²✔✔0F*LOOLFXGG\HWDO>@
²✔²²✔✔0F*LOOLFXGG\HWDO>@
²✔²²✔✔'DYLGVRQHWDO>@
²✔²²✔✔0F*LOOLFXGG\HWDO>@
²✔✔✔✔✔%ORVVHWDO>@
²²²✔✔✔3DWHOHWDO>@
²✔²✔✔✔2UDQG7DR>@
²✔²²✔✔/RJDQHWDO>@
²²²²✔✔3HWUHOODHWDO>@
²²²✔✔✔$OELQLHWDO>@
²²✔✔✔✔0DRHWDO>@
²✔✔²²✔0RRUHHWDO>@
²²²✔²✔0HQGHOVRQHWDO>@
²✔²✔✔✔.DQJHWDO>@
²²²²²✔6XQHWDO>@
✔✔✔²✔✔%DQHUMHHHWDO>@
(GXFDWLRQDOLQIRUPDWLRQ>@DQGDXWRPDWLF
IHHGEDFN >@ ZHUH WKH QH[W PRVW
FRPPRQIHDWXUHV2IDSSVDSSVSURYLGHGDWRROIRU
WKH XVHUV WR FRPPXQLFDWH ZLWK WKHLU IDPLOLHV DQG +&3V
>@DQGDSSVXSSRUWHGVWUHVVPDQDJHPHQW
>@ $OWKRXJK VHWWLQJ JRDOV LV RQH RI WKH PRVW LPSRUWDQW
WHFKQLTXHVLQWKHVHOIPDQDJHPHQWRIK\SHUWHQVLRQ>@PRVW
LQFOXGHGVWXGLHVUHSRUWHGWKDWJRDOVZHUHVHWWKURXJKQHJRWLDWLRQ
DQGGLVFXVVLRQEHWZHHQ WKHSDWLHQWV DQG WKHLU+&3VZLWKRXW
H[SOLFLWO\ PHQWLRQLQJ VHWWLQJ WKHP LQ WKH DSS
>@
7KH PRVW FRPPRQ FRPSUHKHQVLYH FRPELQDWLRQRI VWUDWHJLHV
ZDV VHOIPRQLWRULQJ HGXFDWLRQDO LQIRUPDWLRQ DXWRPDWLF
IHHGEDFNUHPLQGHUVDQGDOHUWV7KLVFRPELQDWLRQZDVIRXQG
LQDSSV>@RIZKLFKDOVRSURYLGHG
FRPPXQLFDWLRQ ZLWK +&3V >@ DQG SDWLHQWV IDPLOLHV
>@ 7KH VHFRQG PRVW IUHTXHQWO\ XVHG FRPELQDWLRQ ZDV
VHOIPRQLWRULQJDQGSURPSWRUFXHZLWKWKHDGGLWLRQRIHLWKHU
IHHGEDFN >@ RU HGXFDWLRQDO LQIRUPDWLRQ
>@ZLWKDSSVSURYLGLQJFRPPXQLFDWLRQZLWK
+&3V>@7KHUHPDLQLQJDSSVRQO\IRFXVHGRQ
VHOIPRQLWRULQJ >@ ZLWK HLWKHU HGXFDWLRQDO
LQIRUPDWLRQ>@DXWRPDWLFIHHGEDFNDQGFRPPXQLFDWLRQZLWK
+&3V>@RUUHPLQGHUVRUDOHUWV>@VHH7DEOH
5HJDUGLQJ WKH DXWRPDWLF IHHGEDFN IHDWXUH IHHGEDFN ZDV
SURYLGHGWRSDUWLFLSDQWVXVLQJGLIIHUHQWDSSURDFKHVHLWKHUDFWLYH
IHHGEDFN WKURXJK VHOIFDUH PHVVDJHV >@ DQG
UHLQIRUFHPHQW PHVVDJHV >@ DQG SDVVLYH IHHGEDFN E\
UHSUHVHQWLQJGDWDLQGLIIHUHQWFRORUFRGHVWRLQGLFDWHZKHWKHU
PHDVXUHPHQW OHYHOV GHYLDWHG IURP WKH QRUPDO UDQJH
>@7KHFRPPXQLFDWLRQZLWK+&3VZDVWKURXJKWH[W
PHVVDJLQJFKDWVLQWKHDSSV>@ZLWKRI WKHVH
DSSV>@DGGLQJFRQVXOWDWLRQVYLDYLGHRFKDWVRUFDOOV
LQWKHDSS
'DWD,QSXW0HWKRGV
0RVW DSSV   XVHG VHOIPRQLWRULQJ RI %3 DQG
VXSSRUWHG RWKHU VHOIPRQLWRULQJ WDVNV >@
ZKLOH  DSSV  IRFXVHG VROHO\ RQ VHOIPRQLWRULQJ RI
PHGLFDWLRQFRPSOLDQFH>@,QRIWKHDSSVWKH
FROOHFWHG%3UHDGLQJVZHUHWUDQVPLWWHGDXWRPDWLFDOO\IURP%3
PRQLWRULQJGHYLFHVWRWKHDSSXVLQJZLUHOHVVWUDQVPLVVLRQ,Q
 RI WKHVH  DSSV  %OXHWRRWK ZDV HPSOR\HG
>@ ZKLOH IRU WKH UHPDLQLQJ  DSSV  WKH
WUDQVPLVVLRQPHWKRGZDVQRWGHVFULEHG>@0DQXDO
HQWU\ RI %3 GDWD ZDV XVHG LQ  RI DSSV 
>@ RQH RI ZKLFK  DOVR
DXWRPDWLFDOO\WUDQVPLWWHGGDWD>@
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SDUWLFLSDQWV>@DQGWKHRWKHUXVHGDQREVHUYDWLRQPHWKRGZLWK
VSHFLILF TXHVWLRQV DVNHG WR WKH SDUWLFLSDQWV >@ $OO WKH
SDUWLFLSDQWVIRXQGERWKDSSVHDV\WRXVH>@
6L[VWXGLHVDVVHVVLQJXVDELOLW\DQGVDWLVIDFWLRQZHUH
RI SRRU TXDOLW\ DQG RQO\  RI WKH   SUHVHQWHG D
ORZPRGHUDWHULVNRIELDV*HQHUDOO\WKHSDUWLFLSDQWVVHHPHG
VDWLVILHGZLWKWKHDSSVWKH\DFFHSWHGXVLQJWKHPLQPDQDJLQJ
WKHLUFRQGLWLRQDQGIRXQGWKHPHDV\WRXVH
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Discussion
3ULQFLSDO)LQGLQJV
7KHDLPRIWKLVV\VWHPDWLFUHYLHZZDVWRV\QWKHVL]HHYLGHQFH
DERXW WKH HIIHFWLYHQHVV DFFHSWDQFH DQG XVDELOLW\ RI XVLQJ
PRELOHDQGWDEOHWDSSVWRUHGXFH%3
7KLV UHYLHZ IRXQG VWXGLHV DERXW  DSSV ZLWK VLPLODU
IXQFWLRQDOLWLHV+RZHYHUWKH\ZHUHGLIIHUHQWLQWKHQXPEHURI
FRPELQHGIXQFWLRQDOLWLHV7KHPDMRULW\RIWKHDSSVXVHGGLIIHUHQW
FRPELQDWLRQV RI IXQFWLRQDOLWLHV ZKHUHDV  DSS KDG RQO\ 
IXQFWLRQ>@,QDOOVWXGLHVWKDWDVVHVVHGXVHUV¶VDWLVIDFWLRQ
WKHSDUWLFLSDQWVJHQHUDOO\VHHPHGWRDFFHSWXVLQJDSSVWRVXSSRUW
WKHVHOIPDQDJHPHQWRIWKHLU%3,WDOVRLQGLFDWHVWKDWXVLQJWKH
DSSVVHHPVWREHHIIHFWLYHLQVXSSRUWLQJWKHVHOIPDQDJHPHQW
RIK\SHUWHQVLRQDQGKDVWKHSRWHQWLDOWRORZHU%3DVWKLVZDV
UHSRUWHGLQVWXGLHV5&7VDQGQRQUDQGRPL]HGVWXGLHV
,W VKRXOG EH QRWHG WKDW RI WKHVH RQO\  5&7V  DQG 
QRQUDQGRPL]HGVWXGLHVZHUHRIJRRGTXDOLW\'XHWRWKH
YDULHW\ RI VWXG\ GHVLJQV DQG TXDOLW\ WKH UHVXOWV WKHUH LV
LQFRQFOXVLYH HYLGHQFH DERXW ZKLFK RI WKHVH IXQFWLRQDOLW\
FRPELQDWLRQVZRXOGEHPRUHHIIHFWLYHLQORZHULQJ%3+RZHYHU
LWZRXOGDSSHDUWKDWDSSVLQFRUSRUDWLQJPRUHFRPSUHKHQVLYH
IXQFWLRQDOLWLHVDUHOLNHO\WREHHIIHFWLYH
7KLVVWXG\IRXQGWKDWXVLQJDSSVPD\KHOSUHGXFH6%3DQG'%3
VLJQLILFDQWO\1RWDEO\WKLVUHVXOWZDVLQDFFRUGDQFHZLWKRWKHU
VWXGLHV XVLQJ PRELOH DQG RWKHU VLPLODU ROGHU WHFKQRORJLHV
>@,QPHWDDQDO\VLVDGHFUHDVHRIPP+JLQ'%3RU
PP+JLQ6%3ZDVIRXQGWRUHGXFHFRURQDU\KHDUWGLVHDVH
HYHQWVE\DQGVWURNHE\>@DVDGHFUHDVHRIPP
+JLQ6%3OHDGVWRDUHGXFWLRQLQWKHULVNRIVWURNH>@
7KHILQGLQJVRI WKLV UHYLHZDUH LQ OLQHZLWKRWKHUV\VWHPDWLF
UHYLHZV WKDW LQYROYHG PRELOH SKRQH DQG WDEOHWEDVHG
LQWHUYHQWLRQLQPDQDJLQJFKURQLFGLVHDVHVZKLFKVKRZHGWKDW
WKHXVHRIDSSVKDVWKHSRWHQWLDOWRLPSURYHKHDOWKRXWFRPHV
DPRQJWKRVHOLYLQJZLWKFKURQLFGLVHDVHV>@
7KHUHVXOWVZLWKUHJDUGWRDFFHSWDQFHDUHVXSSRUWHGE\VWXGLHV
DVVHVVLQJ WKHDFFHSWDQFHDQGXVDELOLW\RIPRELOHDSSV LQ WKH
PDQDJHPHQWRIFKURQLFGLVHDVHV>@$VWXG\DVVHVVLQJWKH
XVDELOLW\RIDFRPPHUFLDOO\DYDLODEOHDSSIRUGLDEHWHVIRXQGD
ODFNRIXVDELOLW\IRU LWVPDLQWDUJHWXVHUVRIHOGHUO\GLDEHWLFV
>@ 7KLV ILQGLQJ WKHUHE\ KLJKOLJKWV WKH LPSRUWDQFH RI
DVVHVVLQJ WKH XVDELOLW\ RI DSSV IRU K\SHUWHQVLRQ DQG FORVH
FRRSHUDWLRQDQGLQWHQVLYHXVDELOLW\WHVWVZLWKWKHWDUJHWHGXVHUV
GXULQJWKHGHYHORSPHQWSURFHVVRIWKHDSSV
,QVRPHVWXGLHVWKHDSSVZHUHXVHGLQFRPELQDWLRQZLWKRWKHU
SODWIRUPVVXFKDVDZHEVLWH7KHUHSRUWHGHIIHFWV WKHUHIRUH
FDQQRWEHVROHO\DWWULEXWHGWRWKHDSSV7KHXVHRIDSSVZLWK
DXWRPDWLF IHHGEDFN ZLWKRXW WKH LQYROYHPHQW RI FOLQLFLDQV WR
PRQLWRUSDWLHQWVUHPRWHO\PD\EHHIIHFWLYHLQFRQWUROOLQJ%3
6LPLODUO\ DSSV LQZKLFK+&3VZHUH LQYROYHG LQPRQLWRULQJ
SDWLHQWVUHPRWHO\DQGSURYLGLQJWKHLUIHHGEDFNRULQVWUXFWLRQV
ZLWK HLWKHU DXWRPDWLF IHHGEDFN RU QRW FRXOG DOVR KDYH D
VLJQLILFDQW LPSDFW RQ %3 ,Q VKRUW LW LV SRVVLEOH WKDW ERWK
DSSURDFKHVDUHHIIHFWLYH
7KHUHVXOWVRIWKLVUHYLHZVKRXOGEHLQWHUSUHWHGZLWKFDXWLRQ
DVVRPHVWXGLHVZLWKDKLJKULVNRIELDVRI5&7V
  RI QRQUDQGRPL]HG VWXGLHV ZHUH LQFOXGHG DQG
PHWKRGRORJLFDO LVVXHV KDYH EHHQ LGHQWLILHG LQ PRVW RI WKH
LQFOXGHGVWXGLHV7KHVHLVVXHVHPHUJHGIURPSRWHQWLDOELDVHV
LQVRPH5&7VWXGLHVEHFDXVHRIWKHIDLOXUHWRLPSOHPHQWWKH
EOLQGLQJRIVXEMHFWVDQGWKHDVVHVVRUODFNRIFRQFHDOPHQWDQG
UDQGRPL]DWLRQSURFHGXUHVVPDOOVDPSOHVL]HDQGVKRUWVWXG\
GXUDWLRQ +RZHYHU WKH EOLQGLQJ RI VXEMHFWV ZDV LPSRVVLEOH
DFURVV WKH LQWHUYHQWLRQV GXH WR WKH QDWXUH RI XVLQJ DSSV
1RQUDQGRPL]HGTXDQWLWDWLYHVWXGLHVDOVRKDGOLPLWDWLRQVVXFK
DVWKHLUVPDOOVDPSOHVL]HVKRUWGXUDWLRQDQGDWWULWLRQELDV>@
0DQ\RIWKHVWXGLHVLQFOXGHGLQWKLVSDSHUZHUHFRQGXFWHGLQ
GLIIHUHQW KHDOWK DQG VRFLDO FDUH VHWWLQJV ZKLFK PHDQV WKDW
FRPSDULVRQV EHWZHHQ WKHP DUH QRW VWUDLJKWIRUZDUG
&RQVHTXHQWO\WKHJHQHUDOL]DELOLW\RIWKHUHVXOWVRIVRPHRIWKHVH
VWXGLHV LV OLPLWHG$OWKRXJKHYLGHQFHRI WKH HIIHFWLYHQHVVRI
P+HDOWKLVLQFUHDVLQJWKHUHLVDODFNRIHYLGHQFHFRQFHUQLQJ
WKHVXVWDLQDELOLW\RIWKHILQGLQJVDIWHUWKHDSSLQWHUYHQWLRQKDV
FHDVHG 7KLV VXJJHVWV WKDW IXUWKHU UHVHDUFK LV ZDUUDQWHG WR
GHWHUPLQHORQJWHUPEHQHILWVDQGHOLPLQDWHWKHVHOLPLWDWLRQV
6WUHQJWKVDQG/LPLWDWLRQVRIWKLV5HYLHZ
7KLV UHYLHZ KDV VRPH OLPLWDWLRQV WKDW VKRXOG EH FRQVLGHUHG
ZKHQ LQWHUSUHWLQJ WKH UHVXOWV )LUVW VWXGLHV SXEOLVKHG LQ
ODQJXDJHVRWKHUWKDQ(QJOLVKZHUHQRWLQFOXGHGZKLFKLQFUHDVHV
WKHOLNHOLKRRGRIUHOHYDQWUHVHDUFKEHLQJPLVVHG0RUHRYHUDOO
W\SHVRIVWXGLHVZHUHLQFOXGHGUHJDUGOHVVRIWKHLUTXDOLW\DVLW
LV RIWHQ KHOSIXO WR KDYH PRUH UHFHQW ILQGLQJV +RZHYHU
ORZTXDOLW\VWXGLHVSUHVHQWPRUHLQFRQFOXVLYHGDWDZKLFKDIIHFWV
WKHUHVXOWV,WZDVQRWSRVVLEOHWRFRQGXFWDPHWDDQDO\VLVGXH
WRWKHVWXG\GHVLJQVKHWHURJHQHLW\FRPELQLQJUHVXOWVWKDWKDYH
EHHQ REWDLQHG IURP GLIIHUHQW W\SHV RI UDQGRPL]HG DQG
QRQUDQGRPL]HGVWXGLHVZLOOQRW\LHOGXVHIXOGDWD,QDGGLWLRQ
WKH LQFOXVLRQ RI FRQWUROOHG DQG QRQFRQWUROOHG VWXGLHV PLJKW
\LHOG D FRPELQDWLRQ RI SRVVLEO\ LQFRQFOXVLYH UHVXOWV 7KHLU
LQFOXVLRQPD\RIIHUDZLGHUERG\RIHYLGHQFH'HVSLWH WKHVH
OLPLWDWLRQVWKLVVWXG\LVWKHILUVWV\VWHPDWLFUHYLHZH[SORULQJ
WKHHIIHFWLYHQHVVRIXVLQJPRELOHDSSVLQWKHVHOIPDQDJHPHQW
RI K\SHUWHQVLRQ DQG WKHLU DFFHSWDQFH DPRQJ XVHUV
&RQVHTXHQWO\ LWPLJKWEHDXVHIXO URDGPDS WRJXLGH IXUWKHU
VWXGLHVRQWKHXVHRIPRELOHDSSVE\SHRSOHZLWKK\SHUWHQVLRQ
7KH DXWKRUV GHYHORSHG D FRPSUHKHQVLYH VHDUFK VWUDWHJ\ DQG
WKHQKDQGVHDUFKHGWKHUHIHUHQFHOLVWVRIHDFKLGHQWLILHGIXOOWH[W
DUWLFOHVDQGV\VWHPDWLFUHYLHZWRILQGSRWHQWLDOO\UHOHYDQWVWXGLHV
IRU LQFOXVLRQ LQ WKLV V\VWHPLF UHYLHZ DQG FRQVLGHUHG
FRPELQDWLRQVRIIXQFWLRQDOLWLHVWKDWZHUHXVHGLQWKHDSSV
5HFRPPHQGDWLRQVIRU)XUWKHU6WXG\
7KHPHWKRGRORJLFDOTXDOLW\RIVWXGLHVLQFOXGHGLQWKLVUHYLHZ
ZDV JHQHUDOO\ ORZ 7KLV LQGLFDWHV WKDW IXWXUH VWXGLHV VKRXOG
FRQVLGHUVRPHHVVHQWLDOFULWHULDLQFOXGLQJDVXIILFLHQWQXPEHU
RI SDUWLFLSDQWV DQG GXUDWLRQ WLPH FRQFHDOPHQW DQG
UDQGRPL]DWLRQ SURFHGXUHV EOLQGLQJ RI WKH DVVHVVRU DQG ORZ
DWWULWLRQUDWHV)XWXUHVWXGLHVDVVHVVLQJWKHHIIHFWLYHQHVVRIDSSV
VKRXOG IRFXV RQ DSSV WKDW LQFRUSRUDWH PRUH FRPSUHKHQVLYH
IXQFWLRQDOLWLHV WKDW DUH LGHQWLILHG LQ WKLV UHYLHZ DV WKH PRVW
SURPLVLQJIXQFWLRQDOLWLHVIRUVHOIPDQDJHPHQWRIK\SHUWHQVLRQ
LQFOXGLQJ VHOIPRQLWRULQJ UHPLQGHUV DQG DOHUWV ZLWK HLWKHU
DXWRPDWLF IHHGEDFN RU HGXFDWLRQDO LQIRUPDWLRQ RU ERWK ,W LV
LPSRUWDQWDOVRWRDVVHVVDQGXQGHUVWDQGXVHUV¶VDWLVIDFWLRQZLWK
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DQG DFFHSWDQFH RI WKHVH DSSV $ ZHOOGHVLJQHG 5&7 ZLWK
PXOWLSOH DUPV XVLQJ DSSV ZLWK GLIIHUHQW FRPELQDWLRQV RI
IXQFWLRQDOLWLHV WR HQDEOH LGHQWLILFDWLRQ RI WKH PRVW HIIHFWLYH
FRPELQDWLRQVZRXOGDOVREHEHQHILFLDO
&RQFOXVLRQ
7KLVV\VWHPDWLFUHYLHZLQGLFDWHVWKDWWKHXVHRIDSSVWRVXSSRUW
WKHVHOIPDQDJHPHQWRIK\SHUWHQVLRQDUHDFFHSWHGE\SDWLHQWV
DQGFRXOGDVVLVWLQORZHULQJDQGFRQWUROOLQJWKHLU%3,WZRXOG
DSSHDU WKDW DSSV LQFRUSRUDWLQJ PRUH FRPSUHKHQVLYH
IXQFWLRQDOLWLHVDUHOLNHO\WREHHIIHFWLYH7KHUHVXOWVVKRXOGEH
LQWHUSUHWHGZLWKFDXWLRQDVPRVWRI WKHVWXGLHVZHUHRIKLJK
ULVN RI ELDV 0RUH UHVHDUFK LV UHTXLUHG WR LGHQWLI\ WKH
HIIHFWLYHQHVVRIXVLQJDSSVLQORZHULQJ%3DQGWRXQGHUVWDQG
ZKDWIXQFWLRQDOLW\FRPELQDWLRQVDUHHIIHFWLYHIRUORZHULQJ%3

$FNQRZOHGJPHQWV
:HWKDQNDOODXWKRUVIRUWKHLUFRQWULEXWLRQ7$LVD3K'VWXGHQWDW6KHIILHOG8QLYHUVLW\IXQGHGE\WKH6DXGL&XOWXUH%XUHDX
$XWKRUV
&RQWULEXWLRQV
7$GHYHORSHGWKHUHYLHZSURWRFRODQG/G:DQG06+VLJQLILFDQWO\FRQWULEXWHGWRWKHGHYHORSPHQWRIWKHUHYLHZSURWRFRO7$
DQG6$FRPSOHWHGGDWDVFUHHQLQJGDWDH[WUDFWLRQDQGTXDOLW\DSSUDLVDORIUHOHYDQWVWXGLHVZLWKGLVDJUHHPHQWVUHVROYHGWKURXJK
GLVFXVVLRQZLWKRWKHUDXWKRUV/G:DQG06+7$DOVRGUDIWHGWKHPDQXVFULSW/G:DQG06+UHYLHZHGWKHPDQXVFULSWDQG
FRQWULEXWHGWRVXEVHTXHQWGUDIWV$XWKRUV7$06+DQG/G:UHDGDQGDSSURYHGWKHILQDOUHYLHZ
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